This paper presents some design considerations for small, flyback transformers used to charge energy storage capacitors to 0.1 to 5 KV from a low voltage DC source.
The flyback circuit got it's name from use in early cathode ray tubes. A cathode ray tube uses a voltage ramp to sweep the trace across the screen. The flyback circuit was used to quickly return the voltage to zero and start another sweep. Thus the spot appeared to "flyback between sweeps and the circuit is still referred to by this name. Flyback voltage converter circuits are excellent for low power, high voltage applications. In a flyback converter, capacitor charging circuit (figure I ) , low voltage energy is placed in an inductor L, , then transferred to capacitor C. If a diode is used to prevent capacitor C from discharging back into the inductor L, , a series of energy packets from the inductor can be accumulated in the capacitor. Since the volume of the inductor is related to the amount of energy (1/2 LIZ) stored in it, reducing the size of the converter package begins with reducing the size of the inductor. This procedure is analogous to filling a bucket (charge the capacitor to energy level 112 CV,~) using many cups of water (energy 1/2 L, I ' per cup). The smaller the cup, the more cups it takes to fill the bucket. Current I , , increases to some peak value I and energy 1/2 L,I2 is stored in the inductor. When the switch is opened, the voltage reverses polarity, forward biasing the diode in the secondary circuit and energy flows to capacitor C. Note capacitor C, is also charged at this time. C, represents transformer secondary winding capacitance, circuit stray capacitance and some diode capacitance. This capacitance is directly across the secondary winding, is charged / discharged every cycle and puts a lower limit on 112 L,I~ (112 L, ? > 112 c,v,~). For operation in the non-continuous mode, should be sufficient to let the all of the inductive energy from L, move to C which is approximately 1/4 cycle of the natural frequency given by L, and C. This approximation neglects circuit stray inductance and C, which are usually small compared to L, and C. After several cycles, V, is at some higher value and, following the end oft,," , VL, rises at a rate determined by L, and C, until the diode is forward biased. The remaining energy is transferred to C.
The transformer in figure 1 has two functions. First it is an energy storage device and second, it serves to ratio the primary and secondary voltages. Consider the first function, energy storage in the primary loop. For a series R, L and V circuit, most of the energy goes to the inductor immediately following switch closure and later, most of the energy is dissipated in the resistor. In figure 1 , R represents the circuit resistance, source resistance, switch resistance and primary winding resistance. A dotted line is used to indicate the lelY side of the loop for a core without an air gap. The shaded area to left of this line represents energy stored in the core. This area is a small part of the shaded area to the left of the loop for a gapped core. The difference is due to the energy stored in the gap. Flyback converters usually use gapped cores to improve energy storage capacity of the inductor.
The second transformer function is to ratio primary and secondary voltages. This ratio is determined by input voltage, maximum output voltage and reverse voltage rating of the switch. When the switch ( figure  1) is opened, the voltage across it is the secondary voltage divided by n (1:n turns ratio) plus the source voltage V. The energy storage inductor L, is capable of delivering a high voltage without a secondary winding so the main reason for a secondary winding is to reduce the primary voltage for the switch. Some safety margin should be included in the switch reverse voltage rating.
A word of caution here. If there is no load on the secondary winding, the voltage can go to a high level and cause breakdown in the circuit, transformer or switch.
Following circuit analysis, transformer design then proceeds with selection of a "suitable core". Experience is a big help and reference 1 has considerable information on core selection. Ferrite pot cores or modified versions such as the RM core are good because they are commercially available with air gaps ground in the center leg to give a specified inductance per I000 turns. Powdered, ferrous metal, toroidal cores also work well for low to moderate voltages. For high voltages, toroids generally use insulation less efficiently and have a greater production variation in winding capacitance than solenoidal wound coils. Ferrous metal cores have more stable magnetic characteristics as a functions of temperature and higher saturation flux density than ferrite cores. Ferrite cores have lower losses at high frequency, are less expensive and are available in a wider variety of shapes.
Transformer design can be an iterative procedure and computer programs are very useful in performing the repetitive calculations. At least one software program is available for designing flyback converter transformers. Following is an example of steps used in flyback transformer design. Circuit analysis gave a desired L, , n, lmax (primary), LJR 
